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» Direct CP asymmetry in B® and B,—Kn
» O, measurements in B, — J/y ¢ and J/y f,(980)
» CPV in D° decays




LHCD Introduction

« Measurements of CP-violation in B and D sectors are
a good way to search for New Physics.
— Complementary to direct search in ATLAS and CMS

« LHCb was built to precisely measure CP violating
and rare b & c decays:

— Good proper time resolution for time dependent analyses
with fast mixing frequencies

— Good particle ID for flavour tagging and discrimination
between final states

— High statistics
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KGR A - in BO 5K~ and B.>K

r(B)-I(B)
I'(B)-I'(B)
The raw yield asymmetry is corrected for Detection and Production effects

1l’l \

The direct CP asymmetry A..(B— Kr)=

A\: _ A\? — A K : reduction of production asymmetry
P AW A due to neutral B-meson mixing, & lifetime
AA = 'Ab + K'A\: acceptance k(B°)=0.3, k(B,)~—0.03

* Ap(Kn) is measured in control channels D*—D%— Kn)r*,
D*—D%(— KK)=*, using well measured world average (WA)
of Acp(D°—KK) and negligible A-p(D°—Kn).

« A is determined using B —J/yK*(—Kmn).

A (B® = K*z7) = (-0.7 £ 0.6)%
A (B) > K 7")=(1.0£0.2)%

—
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%A - in B 5K*1~ and B~>Kn

LHCb-CONF-2011-042 L=320pb™*!
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A, (B> —> Kr)=(27+8+2)%| Firstevidence of CPVin B.>K'7*
Consistent with CDF value: (39 + 15 + 8)%
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* Interference of decays with and without mixing in B
allows to measure the CPV phase ¢,

* It’s sensitive to New Physics in B, mixing

bV, (uc)t \"[q“ q Ihp
> > > b

RO - + 0
(_‘] Vlg; (E‘:}‘T v[h B | 4)
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¢SSM = _Zﬂ S = arg [(thvt: )2 / (Vcbvc:)z]

SM prediction (CKM fitter)
—2B,=-0.036 = 0.002 rad
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« B—JydisP->VV
— L=1: A, (CP odd)

— L=0, 2: A,, A, (CP even)
 Additional S-wave KK
— Aq (CP odd)

» Separated by angular

B.—>J/y¢

analysis In transversity basis

Transversity angles

Q=(6, 9, y)
 Signal PDF: flavour tagged, time and angular dependent

S(t, O 4) =g(t,§)x(l+qD

s(t,fz;i)+l_qD

prompt J/y + KK
1
Am.=17.63 = 0.11 &+ 0.03 ps* with 2010 data | HCb-CONF-2011-005

5 S(t, < /I)j® R
. flavour tagging time resolution,
acceptance q: tag decision, measured ~50 fs using
D =1-2w, m: mistag rate
Physics parameters A = (I, A'_, Am_, &.,| A, 5] A, | 0,0, A 1%, 5)
10/20/2011

New: 17.725+0.041+0.026 ps* with 2011 data
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Flavor tagging

DEp INY

] 0.6[
» By now we only use opposite 5 | LHco
side (OS) taggin R v
J99ing < 04-BE— |/PKE
» Combine 4 observablesintoan 2 |
- - I 0.3
estimated mistag probability n.: g
> 0.2~ w = po+p1(Me— < ne >)
— High-pt muons S SETETET R
- £ o1 = L0001 £ 00
— High-pt electrons /
. ngh'pt kaons 0002 030405 05
— Opposite side vertex charge S S ”ﬂh”ll _5
+ Calibrate on B* 5Jhy K*data ~ &wf Bo>Vve g H{}

» Tagging power ¢D?=(2.08 + i
041)% 22; hﬂ!yﬂﬁaﬂwi *;il
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8276 + 94 signal @~337pb?

data

cp-even sig. component
cp-odd sig. component
s-wave compaonent

B
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Goodness of Fit: p-value 44% using point-to-point dissimilarity test [arXiv:1006.3019]
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el o, from B.—J/
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Two ambiguous solutions @ <> 7 —¢,, A’ <> —Al,
Most precise measurement of ¢,

¢’'" =0.13+0.18(stat) + 0.07(sys) rad

4o evidence for Al'; %0 I = 0.656 + 0.009(stat) + 0.008(sys) ps’

A’ =0.123+0.029(stat) + 0.011(sys) ps™
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consistent Wlt|.1 pure S-wave => pure CP-odd eigenstate =>no m(ututr) (MeV)
angular analysis needed.
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¢, from B.—J/yf,

The time evolution of initial B (ES) to CP-odd eigenstate

AL ¢ AT _ _ — for B,
oc gt {cosh 25 +Cos ¢, sinh 25 FSIn g, sm(AmSt)} +for B

AT’ and I' constrained to LHCb’s measurements in J/yo
WEliGe TR =0 4450 4450.08 8 g
P

reliminary L=378pb!

LHCb
Preliminary
\s =7 TeV Data

Alog(L)

o 3% ] = =] =]
III|III|III|III

I |-4 — |-3 = I-2 = I-1 I 0 - 1 I 0 5 10
proper time (ps)

¢’V = -0.44 + 0.44(stat) + 0.02(sys) rad
SM p-value = 36%

10/20/2011 13

-2
—
=
o
[= 18
=

LHCb-CONF-2011-051




LHCD

« Simultaneously fit
B.—J/y¢ and J/yf,

LHCb Preliminary LHcb-conF-2011-056

¢combined
S

=0.03+0.16(stat) = 0.07(sys) rad

SM
&

—0.036 £ 0.002 rad
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» SM predicts CPV in charm is (O(103)
» Measurement with higher rate would clearly signal new physics

r(D°—>K K )—7(D° = K*K" ) . 2010 data, 28 pb!
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AAqp INn charm

Time-integrated CP Asymmetry:

[(D° > )-I(0° ) d.r(f)+<>
(D’ - f)-T(D° - f)

ACP(f)E

APAcp = Acp (KTKT) = Ap(z7m7) = Aaglé>+Az<_t> gg

<t> is average
proper time in
selected sample,
In this study,
A<t>[t~ 0.1

The raw yield asymmetry of D” is sum of asymmetries from physical CP, Detection

and Production

Agaw (KTKT)" = Ap (KTK™) + Ag (KK ™) + Ag (7,) + A (D)
A (T 77) = A (m ") +Ag(m 7)) + A(m)+ A (D)

APce = Araw (K+K_)* — Araw (7T+7T_)*

10/20/2011
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m(KKz)-m(KK)+m(D’), _ (GeV)

2.006 2.008 2.01 2.012.01402.016 2.018
m(nx)-m(r)+m(D )pDG (GeV)

The difference of raw yield asymmetries is calculated in 12 bins of D* (p-,
n). Consistent numbers are seen. A weighted average is quoted.

AAp=(~0.28 = 0.70 % 0.25)%

LHCb-CONF-2011-023

LHCb is updating the result with 25 times more statistics

10/20/2011
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* LHCb has made several world-best
measurements of CPV In beauty.

* The measurements in charm used only 2010
data, we will significantly improve the results
with 2011 data.

* No sign of New Physics yet, but will have
large increases in data: 1 fb-talready collected
In 2011, doubled in 2012 and then another
factor of two after shutdown.
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Data are consistent with no CPV at 20% CL.
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dt dcost dp dcos

d4r

= hi () f(Q
dfdQD(Z”% ) F1(€2)

k hy (1) Tr(0.0,¢)

1 | Ao |2 (t) 2 cos2 1) (1— sin? @ cos? )
2 A (1) sin? 1 (1 — sin? 0sin? ¢)
3 AL ()2 sin? ¢ sin? @

4| SA ) AL®) — sin? 1) sin 26 sin ¢

5| R(Ag(t) Ay(t)) 2 sin 27 sin? @ sin 2¢
6 I(Ao(t) AL(1)) %\/E sin 2 sin 26 cos ¢
7 |As(t)[2 2(1 —sin? @ cos? ¢)

8 | R(AZ(H)A (1) 2V/6sin ) sin? 0'sin 26
9 | I(AX(t)A (1)) 26 sin ) sin 20 cos ¢
10 | R(A*(t)Ag(t)) 3 cos (1 — sin? A cos? ¢)

(((((((
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|Agl2(t) = |Ao|?e Fst[cosh (%t) — cos ¢ sinh (%t) + sin ¢ sin(Amt)] , (1)
|4 P = |4 |2e~T=t[cosh (%t) — cos ¢ sinh (%t) + sin ¢4 sin(Amt)] , (5)
AL (1)]2 = |AL|2e Fst[cosh (%t) + cos ¢s sinh (%t) — sin ¢4 sin(Amt)], (6)
—I.t . . AF
A () AL®) = |AyllALle™ #"[=cos(dL — 0)) sin ¢s sinh _Eft
—cos(81 — 6-||) cos s sin(Amt) +sin(51 — ) cos(Amt)], (7)
R(Ao(t) A (1)) = |Aoll4 le=Tst cos(d) — do)[cosh (%t) — cos ¢ sinh (%t)
+ sin ¢5 sin(Amt)] , (8)
I —I.t . . AF
I(Ag(t) A (1) = |Aol|ALle™ = [—cos(d, — dg)sin ¢ sinh 7t
—cos(d) — dp) cos ¢s sin(Amt) 4+ sin(d — dg) cos(Amt)], (9)
As(t)]? = |As]?e Vst[cosh (%t) + cos ¢ sinh (%t) — sin ¢s sin(Amt] , (10)
* CTatr - . . Al . :
RAZ()A (1) = |As][Ayle™ #*[~sin(d) — 0s) sin ¢s sinh 7t — sin(d) — ds) cos ¢s sin(Amt)
+cos(d) — ds) cos(Amt)], (11)
S(AZ()AL (L) = |As||A | |e Vst sin(d, — 8¢)[cosh (%t) + cos ¢s sinh (%t)
— sin ¢ sin(Amt)] , (12)
- Tt ) . . AT
R(AZ(t)Ao(t)) = |As||Aole™ #"[—sin(dpg — ds) sin ¢s sinh Tt
—sin(dg — ds) cos ¢s sin(Amt) 4 cos(dg — ds) cos(Amt)] . (13)
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Source 62" ?lrad] | AT, [ps—!]
Description of background 0.06 0.004
Angular acceptances 0.004 0.008
z and momentum scale — 0.002
Production asymmetry (£ 10%) < 0.01 < 0.001
CPV in mixing & decay (+ 5%) | < 0.03 < 0.006
Quadratic sum 0.07 0.011

)

Table 4: Breakdown of the systematic uncertainties evaluated for {;z'}rs'j‘( “?and AT,

10/20/2011
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Systematic Errors for A-p

Systematic uncertainty Acp(BY — K7) | Acp(B? — 7K)
PID calibration 0.0012 0.001
Final state radiation 0.0026 0.010
Signal model 0.0004 0.005
Combinatorial background model 0.0001 0.009
3-body background model 0.0009 0.007
Cross-feed background model (shift) 0.0009 0.005
Cross-feed background model (smearing) 0.0006 0.006
Instrumental and production asymmetries 0.0078 0.005
Total 0.0084 0.018
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Summary of absolute systematic uncertainties for AAqp

Effect Uncertainty
Modeling of lineshapes 0.06%
D" mass window 0.20%
Multiple candidates 0.13%
Binning in (pr.n) 0.01%
Total 0.25%
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Table 1: Summary of systematic uncertainties.

Effect Ap (1073)
VELO length scale negligible
Turning point bias negligible
Turning point scaling +0.1
Combinatorial background +1.3
Proper time resolution +0.1
Minimum proper-time cut +0.1
Maximum proper-time cut +0.2
Secondary charm background +1.6
Total +2.1

10/20/2011
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